A heterotrophic semisolid medium was used with two sensitive assay methods, C2H2 reduction and 02-dependent tritium uptake, to determine nitrogenase and hydrogenase activities, respectively. Organisms known to be positive for both activities showed hydrogenase activity in both the presence and absence of 1 % C2H2, and thus, it was possible to test a single culture for both activities. Hydrogen uptake activity was detected for the first time in N2-fixing strains of Pseudomonas stutzeri. The method was then applied to the most-probable-number method of counting N2-fixing and H2-oxidizing bacteria in some natural systems. The numbers of H2-oxidizing diazotrophs were considerably higher in soil surrounding nodules of white beans than they were in the other systems tested. This observation is consistent with reports that the rhizosphere may be an important ecological niche for H2 transformation.
have the ability to utilize this H2 as an energy source for growth and other metabolic activities. The benefits of recycling H2 have been proposed and subsequently demonstrated in some N,-fixing bacteria (11, 27) . In this view, the occurrence of N2-fixing, H2-oxidizing bacteria in natural systems, particularly H2-rich sites such as legume fields (7, 8) , would be of considerable significance in terms of the contribution to the N economy and the conservation of H,. However, reports on populations of N2-fixing, H2-oxidizing bacteria in natural systems are few (10, 12, 15, 32) .
For the isolation and enumeration of N2-fixing, H,-oxidizing bacteria, the N-deficient autotrophic medium with H,, C02, N2 as normalizing gas, and a small amount of 02 is usually used (1, 10, 14, 18, 32, 34) . However, some aerobic N2-fixing, H,-oxidizing bacteria such as Azospirilliim brasilense, Azomonas agilis, Bacillus polymyxa, Beijerinc kia indica, Klebsiella pneumoniae, and Azotobacter vinelandii do not grow chemolithotrophically (4, 14, 21, 24, 36) . Furthermore, there are problems in maintaining the desired atmosphere and monitoring growth and activity with the autotrophic methods of enumerating these bacteria. Except for the cyanobacteria and other phototrophic bacteria, all known aerobic N2-fixing, H2-oxidizing bacteria are basically heterotrophs (1, 4) ; hence, their isolation or enumeration may be simpler by use of a heterotrophic medium in which both nitrogenase and hydrogenase activities can be demonstrated. Although, in general, high concentrations of utilizable organic substrates repress the formation of hydrogenase, relatively low levels allow for its expression (22; W. L. Barraquio and R. Knowles, J. Gen. Microbiol., in press).
We report here a most-probable-number (MPN) enumeration technique for aerobic N2-fixing, H,-oxidizing bacteria in which a heterotrophic semisolid medium is used and in which both nitrogenase and uptake hydrogenase activities could be detected. 20.6 p.Ci/ml; Gollob Analytical Service, Berkeley Heights, N.J.) was injected into each bottle, and then the bottles were incubated as described above. In other experiments the cultures used for the C2H, reduction assay were then subjected to the H3H uptake assay. After 0.2-ml gas samples were taken for C,H4 analysis, 0.3 ml of H3H was injected. The bottles were incubated for another 24 h under the same conditions described above, after which they were vortexed vigorously to homogenize the contents. Then, 0.1-ml samples were taken and transferred into scintillation vials containing 4 ml of scintillation liquid (Ready-Solv MP; Beckman Instruments, Inc., Fullerton, Calif.). Triplicate bottles were used throughout the experiment.
Analyses. C,H4 was analyzed by flame ionization detection gas chromatography as described previously (30 Enumeration of N2-fixing, H2-oxidizing bacteria in natural samples. Samples were taken from the field and transported as soon as possible in plastic bags to the laboratory for processing. The lake sediment samples were kept overnight at 4°C. Samples of litters, roots, rhizosphere soils, and lake sediments were homogenized with saline for 20 min in a homogenizer (The VirTis Co., Inc., Gardiner, N.Y.). Soil from roots or nodules was sampled by shaking the material in 5 ml of saline. Tenfold dilutions of the samples were made in saline, and 0.1 ml of each dilution was inoculated into each serum bottle containing melted, semisolid medium. Four serum bottles were inoculated for each dilution. All other conditions of incubation and assay were similar to those used for pure cultures. The cultures used for the C2H2 reduction assay were also used for the H3H uptake assay. The cultures considered positive had C2H4 concentrations and 3H uptakes greater than those in uninoculated controls plus three times the control standard deviation. An MPN table for four tubes per dilution was constructed based on the formula of Halvorson and Ziegler (16) .
RESULTS AND DISCUSSION Pure cultures. Use of the semisolid heterotrophic medium with a small amount of yeast extract in combination with the MPN method is an established procedure for the growth and enumeration of aerobic diazotrophs (18) . In this study we extended its use by incorporating the assay for hydrogen uptake. The Samples were taken from plants 60 days after planting. "Samples were taken from plants 58 days after planting.
"Samples were taken from plants 65 days after planting.
uptake. The semisolid medium allows the microaerophilic and aerobic diazotrophs to grow at the subsurface and surface of the medium, respectively. Thus, if the 02-sensitive nitrogenase is expressed under these conditions, hydrogenase, which is often equally 02 sensitive (27) , may also be expected to be expressed. Furthermore, although the medium contains a relatively high level of the organic substrates, it is expected that the level decreases during growth to allow expression of hydrogenase.
All of the organisms listed in Table 1 showed nitrogenase activity and hydrogenase activities in the presence and absence of 1% C2H2, with the exception of P. aeriuginosa, P. paucimobilis 29AJ, and Pseudomonas sp. strain G59, which were negative for all three activities. Thus, all the diazotrophs that were reported previously (2, 4, 6, 13, 14, 23, 33; Barraquio and Knowles; in press) to possess hydrogenase uptake activity exhibited positive activities. The results showed, for the first time, that nitrogenase and hydrogenase activities are present in P. stutzeri JM300 and the unnumbered strain and that hydrogenase activity is present in P. stutzeri CMT.9.A (nitrogenase activity in this strain was reported by Krotzky and Werner [19] ); Pseudomonas sp. strain 4B; P. paucimobilis 5AJ; and the arctic Pseuidomonas sp. strains GR3-5, GR8-8, and GR12-2. All these pseudomonads, except for strain CMT.9.A and the three arctic isolates, showed variable hydrogenase activities that were at least as high as, and some that were much higher than, that of the uninoculated control plus three times the control standard deviation. The inoculum size seemed to affect the activity, because large inocula gave well-developed pellicles that showed higher nitrogenase and hydrogenase activities. In Hydrogenase-positive organisms exhibited activity even in the presence of C2H2. C2H2 is a known inhibitor of the uptake hydrogenase of some diazotrophs (5, 17, 29, 31 The results indicate that the soil attached to white bean nodules contained numbers of N2-fixing, H2-oxidizing bacteria which were considerably higher than those in the other natural samples tested (Table 2 ). It should be noted, however, that the determinations were done only at one particular time, thus making it difficult to draw a general observation. Enrichment of H,-oxidizing bacteria in the rhizosphere of the nodules of hydrogen-evolving alfalfa, pigeon peas, and soybeans has been reported (9, 20, 35) . In the case of the alfalfa, all the isolates were negative for C,H2 reduction (9) , but for the others there was no indication whether they were N2 fixing or not. N2-fixing, H,-oxidizing bacteria were predominant in the histosphere of wetland rice (32) . These observations suggest that the rhizosphere may be an important ecological niche for H, transformation.
